RESULTS

Low concentrations
of heparin effectively inhibit electron transport through FNR to NADP; NADP photoreduction, mediated by 10 PM ferredoxin, was 60% inhibited by 20 PM heparin (Fig. 1) (Table I ). This latter reaction presumably does not require FNR. Electron transport to other negatively charged PSI acceptors was only minimally affected by heparin; Table I shows that the rate of electron flow to AQS and Fe(CN)gis inhibited 9% by 10 PM heparin. This slight inhibition may be due to ionic competition between negatively charged species (heparin and the acceptor) for the site of reduction at PSI. The addition of 100 PM heparin had a greater effect on electron Ilow to ferredoxin/oxygen than it did when AQS or Fe(CN)iwere used as acceptors (Table I ). The higher molecular weight of ferredoxin may account for this greater sensitivity.
Electron transport to the cationic acceptor MeV was unaffected by 10 PM heparin, and was inhibited less than 5% by 100 PM heparin (Table I) (Fig. 2a) . These results are best explained by heparin inhibition of ferredoxin binding to FNR. Dixon plots of these data (l/v vs heparin concentration)
were nonlinear (Fig. 2b) the effect of heparin on the diaphorase reaction (NADPH -FNR -DCPIP) under a variety of conditions. The FNR-catalyzed reduction of DCPIP by NADPH at low ionic strength was inhibited by concentrations of heparin lOO-fold less than those required to inhibit ferrecloxin-mediated NADP recluction (Fig. 3) . As Fig. 3 to the 56% inhibition obtained with 40 PM NADPH as the substrate. Kinetic analysis of heparin inhibition of the diaphorase reaction showed a family of lines which converged on the l/v axis (Fig. 4) . Dixon plots were not presented, but could be seen by inspection of Fig. 4 While both heparin and ferredoxin form ionic complexes with FNR which inhibit the diaphorase reaction, heparin fails to stimulate the reaction at higher ionic strengths.
The data obtained for the diaphorase reaction initiated by 1 mM NADPH (Fig.  3) are consistent with an increased Ki for heparin in the presence of high concentrations of pyridine nucleotide. This decreased association of heparin with FNR can be compared to earlier kinetic studies which show that both NADPH and NADP inhibit ferredoxin binding to FNR (21) . These results can also be compared to a recent report that 0.5 mM NADP increases the Kd of the ferredoxin:FNR complex at least 14-fold (22).
The kinetic analyses presented in this paper indicate that heparin does not completely prevent the binding of ferredoxin or NADPH to FNR, but rather increases the KS for both substrates.
This type of behavior could arise from heparin binding at a site or sites which overlap the ferredoxin and pyridine nucleotide binding sites on FNR, or from binding at a site which is distinct from these sites, but
A few comments are in order concerning the use of heparin as an inhibitor in photosynthetic experiments. Ferredoxinmediated NADP reduction can be inhibited to a maximum of 34% of control; while the inhibition by heparin is not complete, it is as effective as the more laborious inactivation of FNR with Nethylmaleimide.
Heparin is active at a lOOO-fold lower concentration than pyrophosphate, and therefore contributes little to the ionic character of the medium. The components of the electron transport chain prior to FNR are unaffected by the polysaccharide. Likewise, photophosphorylation is not affected by heparin; we have found that the P/2e of noncyclic electron transport to methylviologen remains the same (1.25) in the presence of 10 or 100 PM heparin.
